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Abstract

Microbial biofilms on the surfaces of man–made structures in the marine
environment cause serious problems for marine industries. Currently
used heavy metal-based toxic antifoulants has created environmental
problem, which mandates the necessity of ‘‘eco-friendly’’ antifoulants.
Marine-based microbial secondary metabolites are promising potential
sources of nontoxic antifouling compounds. In the present study, we have
investigated the antifouling potentials of bacterial red pigment prodig-
iosin extracted from Serratia marcescens CMST 07. Prodigiosin was
showed high antifouling activity against marine fouling bacteria like
Alteromonas sp. and Gallionella sp. minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MBC) of the pigment
was about 6.75 and 12.5 lg/ml respectively against Alteromonas sp.
LD50 of prodigiosin against artemia (artemia toxicity study) was about
50 lg/ml. Prodigiosin significantly (P \ 0.01) inhibits cyanobacterial
adhesion on glass surface, which augments the possibility of using
bacterial pigments as the source of antifouling compounds for controlling
the fouling problem in the marine environments.
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Introduction

Marine biofouling is a serious problem caused by
the accumulation and settlement of microbial
slimes, diatoms, barnacles, tunicates, bryozoans
etc., on the hulls of seafaring vessels (Clare 1996;
Abarzua et al. 1999; Bhosale et al. 2002; Railkin
2003; Rasmussen and Ostgaard 2003). Biofoul-
ing on ship results in an increase in roughness of
the hull that increases frictional resistance leads
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to increased fuel consumption and associated
environmental compliances (Depree 2006).
Globally, billions of dollars are spent annually to
control fouling on a variety of objects that are
placed in marine environment. Currently avail-
able marine antifoulants are heavy metal-based
that possess hazardous environmental problems
(Bellas 2006; IMO 2007; Qian 2010; Thomas
and Brooks 2010). Extension of this research
area is essential to identify novel effective non-
toxic compound having potent anti-micro and
macro fouling properties. These biogenic com-
pounds could also be used effectively for future
development of antifouling paints (Hellio et al.
2001; Fusetani 2004; Greer et al., 2003). Natu-
rally, marine environments harbor highly diverse
microbial communities, which possess func-
tionally undesirable and unexplored potentials
(Whitman et al. 1998; Rappe and Giovannoni
2003), and they produce a variety of chemical
deterrents for their defense purposes (Ren et al.
2001; Kubanek et al. 2002; Paul and Puglisi
2004). These bioactive compounds of marine
microbial origin exhibit antifouling activity
against variety of micro and macro foulants
(Hellio et al. 2001).

Prodigiosin is a red-pigment produced as a
secondary metabolite by Serratia, Streptomyces,
Pseudomonas, Pseudoalteromonas, and few
other bacteria, which share a common pyrrole
dipyrromethene core structure and have a wide
variety of biological properties, including anti-
bacterial, antifungal, immunosuppressive, and
anticancer activities (Bennett and Bentley 2000;
Montaner and Perez-Thomas 2003). The present
investigation reports the potential of red pigment
prodigiosin extracted from estuarine bacteria
Serratia marcescens CMST 07 for controlling
the growth of marine micro and macro foulants.

Materials and Methods

Bacterial Strains

Red pigment prodigiosin producing Serratia
marcescens CMST 07 (estuarine isolate) was

obtained from Centre for Marine Science and
Technology, Manonmaniam Sundaranar Uni-
versity, Rajakkamangalam, and the marine
fouling bacteria such as Bacillus sp., Pseudo-
monas sp., Alteromonas sp. and Gallionella sp.
were obtained from Department of Zoology,
Scott Christian College, Nagercoil. All bacterial
cultures were stored in ZoBell marine agar
(Himedia, India) at 4 �C.

Production, Extraction,
and Characterization of Prodigiosin

Serratia marcescens was grown in nutrient broth
(Giri et al. 2004) with 1.5 % NaCl at room
temperature in shaking condition (150 rpm) for
24 h and further incubated at 28 �C for 72 h in
static condition under dark. After the incubation,
cells were harvested by centrifugation at
8,000 rpm for 15 min (Remi, India). Prodigiosin
was extracted using chloroform: Methanol
mixtures of increasing polarity (2:1 and 1:2 v/v),
until the solution remains colorless (Nakashima
et al. 2005). The crude extract was evaporated to
dryness and the amount of pigment obtained on
a dry weight basis was calculated. The resulting
product was identified as prodigiosin by UV-
visible spectrophotometry in the range 200–700
nm in 95 % ethanol and further subjected to thin
layer chromatography (TLC) for further purifi-
cation using the mixture of chloroform and
methanol (9:1) as the solvent system (Casullo de
Araujo et al. 2010). RF value of the extract was
compared with standard prodigiosin (Sigma).

Antibacterial Assay

Antibiotic assays against four fouling bacteria
were carried out using standard disk diffusion
method (Bauer et al. 1966). The extracted pro-
digiosin pigment was filter sterilized by passing
through Syringe driven filter (0.25 lm pore size;
Himedia, India). The four different fouling bac-
teria were subcultured with marine broth (Hime-
dia, India) for 12 h at 30 �C. Each bacterial strain
was inoculated onto marine agar plates and then
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dried Himedia sterile disks (6 mm) impregnated
with 20 lg of crude prodigiosin were positioned
on them. Disk impregnated with DMSO was
maintained as controls to determine possible
inhibitory activity of the solvent. The diameter of
the inhibition zone around each disk was mea-
sured after the incubation at 30 �C for 24 h.

Determination of Minimum Inhibitory
Concentration and Minimum
Bactericidal Concentration

The pigmented prodigiosin obtained from the S.
marcescens was diluted with DMSO at the stan-
dard concentration (100 lg/ml) and then two fold
serially diluted up to the final concentration of
3.275 lg/ml in marine broth of 32 well microtiter
plates. Thereafter, 100 ll of inoculum at a con-
centration of 1 9 107 CFU/ml was added to each
well (Basri and Fan 2005). The microtiter plates
were incubated at room temperature for 24 h. The
MIC values were taken as the lowest concentra-
tion of the extracts in the well of the microtiter
plate that showed no turbidity after incubation.
The turbidity of the wells in the microtiter plate
was interpreted as visible growth of microorgan-
isms. Following MIC determination, MBC was
determined by subculturing an aliquot of 50 ll
from each well showing no apparent growth.
Least concentration of extract showing no visible
growth on subculturing was taken as MBC.

Antifouling Assay

Biofilm Inhibition Assay

Different concentration of prodigiosin was used
to evaluate the inhibition of biofilm formation.
The overnight grown culture of biofilm bacteria
was transferred to the microtitre plate (2 9 108

CFU/ml), and different concentrations of pro-
digiosin were added to each well to the final
volume of 200 ll. The plates were incubated for
24 h at 37 �C, and then bacterial biofilm was
evaluated using crystal violet staining method

(Maldonado 2007). Bacteria without prodigiosin
treatment were used as control.

Artemia Bioassay

Brine shrimp Artemia parthenogenetica (KKT1)
was collected from Centre for Marine Science and
Technology, Manonmaniam Sundaranar Univer-
sity, Rajakkamangalam. Brine shrimps were cul-
tured in seawater at 25 ± 2 �C for 2 days before
bioassay. Different concentration of prodigiosin
coated Petri dishes were filled with 15 ml filtered
seawater. Approximately 15 larvae were trans-
ferred to each plate and prodigiosin free plates
were used as control. The plates were incubated at
25 ± 2 �C for 72 h with a light–dark cycle of
13:11 h. Dead and immobile larvae were counted
after 24 and 48 h, respectively.

Cyanobacteria Adhesion Assay

Pure culture of the marine cyanobacteria Syn-
echococcus sp. was cultured in sterile ASN III
medium. The influence of prodigiosin on the
growth of Synechococcus sp. was investigated
by the direct contact test. Sterile microscopic
slide was coated with prodigiosin as the contact
surface. Uncoated slides were used as control.
Slides were immersed in sterile 100 ml seawater
adjusted with nutrients (seawater enrichment
media) and 8 9 107 cells/ml Synechococcus sp.
was added and incubated for 48 h under a light
source of 1,000 X with a light–dark cycle of
13:11 h at 28 �C. Attached cells were counted
by microscopically at 450 X magnification.

Barnacle Settling Assay

Balanus amphitrite larvae were obtained from
adult barnacles collected from the Colachal
coast (April, 2010). They were continuously fed
with the brine shrimp Artemia salina. Newly
settled barnacles were kept in aquaria with
flowing, filtered seawater. Larvae were collected
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by filtration (450–490 mm mesh size filter).
Larvae were transferred to a 1.5 L flask with
aerated seawater (27 �C) and fed with microal-
gae (Clare 1996). The cyprid stage barnacles
were used for settling study. Settling test was
performed using sterile Petri dishes and different
concentrations of prodigiosin were coated (from
50 to 200 lg/ml). After drying, the experimental
Petri dishes were filled with (5 ml) filtered sea-
water for 3 days and the dishes were replenished
with 5 ml of fresh filtered seawater and then 20
cyprids transferred to each and assayed for set-
tlement after 3 days.

Statistical Analysis

All the experiments were performed in tripli-
cates to ensure probability and reproducibility of
the results. One-way ANOVA analysis was used
to test for significant differences between the
concentration of prodigiosin on antifouling
activity against fouling bacteria, artemia sur-
vival, attachment of cyanobacteria, and barnacle
bioassay.

Results

The crude red pigment extracted from
S. marcescens was purified by TLC and had the
same Rf value (0.89) as compared with prodig-
iosin reference material (Fig. 1). The maximum
absorption of the pigment was analyzed using
UV–visible spectrophotometer at 531 nm.

Antibacterial Activity of Prodigiosin

The extracted prodigiosin was assessed for the
antibacterial activity against different fouling
bacteria (Figs. 2, 3). Prodigiosin exhibited a
broad range of antibacterial activity as it inhibited
both Gram-positive bacteria (Bacillus sp.
8.3 ± 1.52) as well as Gram-negative bacteria
(Alteromonas sp. 16.3 ± 2.08; Gallionella sp.
9.3 ± 1.15; Pseudomonas sp. 6.3 ± 1.52). Fur-
ther, the MIC of red pigment from S. marcescens

against biofouling bacteria was examined to
determine the lowest concentration of antibacte-
rial material require to inhibit cell growth com-
pletely (Table 1). Red pigment at a concentration
of 12.5 \ mg/l had showed antibacterial activity
against Alteromonas sp., while Gallionella sp.
was completely inhibited at a concentration of
25 \ mg/L. Bacillus sp. and Pseudomonas sp.
were completely inhibited at higher concentration
(100 mg/l). The MBC values of prodigiosin
against different fouling bacteria were examined
and shown in Table 1. Prodigiosin exhibited the
low value of MBC as no viable cell growth was
observed for Alteromonas sp. and Gallionella sp.
at concentrations of 25 lg/ml and 50 lg/ml
respectively on the solid medium. For Bacillus sp.
no viable cell growth was observed at a concen-
tration of 100 lg/ml, whereas viable growth was
observed for Pseudomonas sp. even at the higher
concentration tested in this study.

Antifouling Against Fouling Bacteria

Antifouling activity of prodigiosin was examined
for its ability to inhibit fouling potential of fouling
bacteria and shown in Fig. 4. Prodigiosin inhibits
the biofilm formation at the concentration of
100 lg/ml against Alteromonas sp. and 200 lg/
ml against Gallionella sp. For Bacillus sp. more
than 90 % of the biofilm formation was inhibited
at a concentration of 200 lg/ml, while only 40 %
inhibition was observed against Pseudomonas
sp. even at the higher concentration.

Artemia Survival Study

Brine shrimp lethality test has been previously
used to evaluate bioactivity of the new metab-
olite (Meyer et al. 1982). Similarly, the inhibi-
tory effect of prodigiosin on the survival of brine
shrimp Artemia was studied at different con-
centrations of extracted red pigment (Fig. 5).
Compare to control low concentration of pro-
digiosin also induces mortality of Artemia lar-
vae. Prodigiosin at 50 lg/ml concentrations
have shown 50 % (46.67 %) lethal effects after
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Fig. 1 Characterization of red pigment prodigiosin. a UV Spectrophotometric characterization of prodigiosin. b TLC
analysis of prodigiosin. M standard prodigiosin (Sigma); S extract from S. marcescens cmst 07

Fig. 2 Antibacterial activity of prodigiosin against marine fouling bacteria (10 lg/disk). a control, b Alteromonas sp.,
c Gallionella sp., d Bacillus sp. e Pseudomonas sp
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24 h of exposure, which can be considered as
LD50. Exposure to potassium dichromate was
treated as positive control that exhibited signif-
icant lethality (LC50 value \ 1.0 mg/ml) against
the brine shrimp (data were not shown). With
the comparison to the positive control, prodigi-
osin had shown higher lethality against Artemia
survival.

Anti-algal Assays

The inhibitory effect of prodigiosin against
fouling prokaryotic algae was assayed using the
cyanobacteria Synechococcus sp. and the results
have demonstrated that the concentration-
dependent inhibition of cyanobacterial attach-
ment on glass surfaces by prodigiosin (Table 2,
Fig. 6). Red pigment obtained from estuarine
bacterium.

S. marcescens had showed anti-cyanobacte-
rial activity against Synechococcus sp. at
25–50 lg/ml concentrations (ID50).

Barnacle Settling Assay

Inhibition of larval settlement on solid surfaces
by marine bacteria is commonly found in
seawater (Wieczorek and Todd 1998). Indeed,
settlement inhibition assays using barnacle
cyprids have been used routinely to examine the
antifouling properties of synthetic and natural

compounds. Effect of red pigment on barnacle
setting was performed with Balanus amphitrite
larvae and the results exhibited significant inhi-
bition of the settlement of B. amphitrite cyprids
(Fig. 7). When the cyprids were exposed to
various concentrations of prodigiosin ranging
from 50 to 200 lg/cm2 larval settlement was
inhibited in a dose-dependent manner. EC50 was
between 100 and 200 lg/cm2.

Discussion

The present investigation has aimed at finding
alternative solution to the problem of marine
biofouling, a serious problem faced by maritimes
industries (Abarzua et al. 1999) and leads to
enormous economic losses worldwide. Red pig-
ment prodigiosin producing S. marcescens was
used in this antifouling study, which was obtained
from Centre for Marine Science and Technology,
Manonmaniam Sundaranar University, Rajakka-
mangalam. The results obtained using prodigiosin
of S. marcescens against biofouling validate the
broad antibacterial potentials of the red pigment
and are in agreement with the previous literature
revealed the inhibitory effect of prodigiosin
against both Gram-positive and Gram-negative
bacteria (Mekhael and Yousif 2009; Samrot et al.
2011). Mekhael and Yousif (2009) have shown
higher inhibitory effect of prodigiosins against
Gram-positive bacteria than Gram-negative bac-
teria, whereas in the present study prodigiosin has
higher activity against Gram-negative Altero-
monas sp. and Gallionella sp. than Gram-positive
Bacillus sp. Samrot et al. (2011) have reported
that ethanol: HCl extract of Serratia has antibac-
terial activity and its zone of inhibition was higher
against both Gram-negative (E. coli and Pseudo-
monas sp.) and Gram-positive (S. aureus)
bacteria.

The results of MIC and MBC assays were
clearly demonstrated the potentiality of red
pigment prodigiosin as an effective antibacterial
compound against fouling marine bacteria. It is
known that the antibacterial activity of prodigi-
osin is the result of their potential to pass
through the outer membrane and to their

0

4

8

12

16

20

Bacillus Pseudomonas Alteromonas Gallionella 

In
hi

bi
ti

on
 z

on
e 

(m
m

)

Fig. 3 Antibacterial activity of prodigiosin. Sterile
antibiotic disk with 20 lg of prodigiosin was placed on
agar with respective bacteria. All values are mean of
three individual replicates with ±SE
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Fig. 4 Antifouling activity of prodigiosin against foul-
ing bacteria. All values are mean values of three
individual experiments with ± SE. a Bacillus sp., b Pseu-
domonas sp., c Alteromonas sp., d Gallionella sp.

P \ 0.0001 in ANOVA at different concentrations.
* P \ 0.01 significant, ** P \ 0.05 significant in Tukey
HSD test

Table 1 Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of prodigiosin
against biofilm bacteria

Organism Prodigiosin concentration (lg/ml)

100 50 25 12.5 6.75 3.275

MIC

Bacillus sp - + + + + +

Pseudomonas sp - + + + + +

Alteromonas sp - - - - + +

Gallionella sp - - - + + +

MBC

Bacillus sp - + + + + +

Pseudomonas sp + + + + + +

Alteromonas sp - - - + + +

Gallionella sp - - + + + +

+ presence of bacterial growth, - absence of bacterial growth
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Fig. 5 Survival of artemia against concentration of
prodigiosin. All values are mean of three individual
replicates with ±SD. One way ANOVA P \ 0.0001
significant was observed. Asterisk P \ 0.01, double
asterisk P \ 0.05 significant in Tukey HSD test

Table 2 Effect of prodigiosin on cyanobacterial adhesion on glass surface

Time (h) Number of cyanobacterial (cells/cm2)

Control 200 100 50 25 12.5

24 66.25 ± 14.40 7.75* ± 2.21 11.5* ± 2.64 56.75 ± 17.87 59.75 ± 19.37 62 ±14.30

48 189.75 ±38.24 16.5* ±4.12 61.25* ±9.74 106.25* ±10.04 142.25 ±34.86 191.5 ±34.81

All values are mean of triplicates with ± standard deviation. One way ANOVA P \ 0.0001; Tukey HSD test * P \ 0.01 significant

Fig. 6 Effect of prodigiosin against cyanobacterial adhesion (slide adhesion assay (400 X magnification). a control,
b 12.5 lg/cm2, c 25 lg/cm2, d 50 lg/cm2, e 100 lg/cm2, f 200 lg/cm2
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Fig. 7 Effect of prodigiosin against Barnacle settlement
[after 3 days of incubation (n = 25)]. One way ANOVA
P = 0.913233; Tukey HSD test Asterisk P \ 0.01
significant
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capacity for inhibiting target DNA modulating
enzymes, such as DNA gyrase and topoisomer-
ase IV, which inhibit the cell growth (Berlanaga
and Vinas 2000). Since, the antibacterial activity
of a compound may depend on the destruction of
the physical structure or the inhibition of any
metabolic reaction in a microorganism, it seems
that the presence and the level of the antibacte-
rial activity of the red pigment varied signifi-
cantly with the type of fouling bacteria used.
Furthermore, the red pigment caused growth
inhibition along with bactericidal activity, it
suggests that the red pigment is an effective
antibacterial agent.

Marine-based microorganisms have lot of
unexplored potentials; however, the exploration
of marine resources for antifouling compounds
is very limited (Dobretsov et al. 2006; Paul et al.
2006). The present investigation reveals the
biological activity of red pigment prodigiosin
against marine fouling bacteria that were
exposed into the same ecological conditions.
Interestingly, prodigiosin extracted from the S.
marcescens had showed broad spectrum of
antifouling activity against biofoulants of marine
environment like Alteromonas sp., Gallionella
sp. and Pseudomonas sp. by means of significant
decrease in the adherence and biofilm formation
of fouling bacteria compared with control.
Similarly, antibacterial activity of marine
organisms against biofilm forming bacteria is
reported in earlier (Wilsanand et al. 1999;
Marechal et al. 2004). A new yellow pigment
has been isolated from the marine bacterium
Pseudoalteromonas tunicata and identified as a
new member of the tambjamine class of com-
pounds has antifouling activity against marine
fouling (Egan et al. 2002; Frank et al. 2005).
Considering the results of this study may give
immense values of marine-based natural prod-
ucts and the needs for the collection of novel
marine resources for discovery and development
of effective natural products.

Assaying anti-algal activities by prodigiosin
against fouling cyanobacteria Synechococcus sp.
have been demonstrated concentration-depen-
dent inhibition of cyanobacterial attachment on
glass surfaces. Similarly, Egan et al. (2002) have

been identified a compound from the marine
bacterium P. tunicata exhibited anti-algal
activity that inhibits settlement of spores of Ulva
lactuca. Another marine bacterium Alteromonas
sp. produced 2-n-Pentyl-4-quinolinol, which
inhibited the growth of diatoms even at nano-
molar concentrations (Long Richard et al. 2003).
Kang et al. (2005) have reported anti-cyano-
bacterial effects Pseudomonas putida against
Microcystis aeruginosa. Furthermore, effect of
red pigment on barnacle setting was performed
with Balanus amphitrite larvae and the results
were exhibited significant inhibition of the set-
tlement of B. amphitrite cyprids. Thus, results of
these bioassay studies clearly indicate the posi-
tive response of prodigiosin as an antifouling
natural metabolite, which are in agreement with
previously reported studies of B. amphitrite
settlements (Rittschof et al. 1984; Oclarit et al.
1994; Maki et al. 1998; Lau et al. 2003).

Based on this study, it seems that bacterial
red pigment prodigiosin has the potential to
inhibit the growth of marine fouling bacteria,
cyanobacteria, and invertebrates. The findings of
the study proved that, the red pigmented pro-
digiosin has an alternative to chemical antifou-
lants against marine micro and macro foulants,
which encourage to developing a novel broad
spectrum antifouling formulation in future.
Furthermore, molecular studies require proving
the mechanism of the compound act as an
effective antifouling.

References

Abarzua S, Jakubowski S, Eckert S, Fuchs P (1999)
Biotechnological investigation for the prevention of
marine biofouling II. Blue-Green Algae as potential
producers of biogenic agents for the growth inhibition
of micro fouling organisms. Bot Mar 42:459–465

Basri DF, Fan SH (2005) The potential of aqueous and
acetone extracts of galls of Quercus infectoria as
antibacterial agents. Indian J Pharmacol 37(1):26–29

Bauer AW, Kirby MM, Sherris JC, Truck M (1966)
Antibiotic susceptibility testing by a standardized
single disk method. Am J Clin Pathol 45:493–496

Bellas J (2006) Comparative toxicity of alternative
antifouling biocides on embryos and larvae of marine
invertebrates. Sci Total Environ 367:573–585

Antifouling Activity of Prodigiosin Extracted 19



Bennett JW, Bentley R (2000) Seeing red: the story of
prodigiosin. Adv Appl Microbiol 47:1–32

Berlanaga M, Vinas M (2000) Role of outer membrane in
the accumulation of quinolones by Serratia marces-
cens. Can J Microbiol 46:716–721

Bhosale SH, Nagle VL, Jagtap TG (2002) Antifouling
potential of some marine organisms from India
against species of Bacillus and Pseudomonas. Mar
Biotechnol 4:111–118

Casullo de Araujo HW, Fukushima K, Campos Takaki
GM (2010) Rodigiosin production by Serratia mar-
cescens UCP 1549 using renewable-resources as a
low cost substrate. Molecul 15:6931–6940

Clare AS (1996) Marine natural product anti foulants:
status and potential. Biofouling 9:211–229

Depree C (2006) Developing natural solutions for a ‘foul’
problem. Wat Atmos 14(3):20–21

Dobretsov S, Dahms HU, Qian PY (2006) A review:
inhibition of biofouling by marine microorganisms
and their metabolites. Biofoul 22:43–54

Egan S, James S, Holmstrom C, Kjelleberg S (2002)
Correlation between pigmentation and antifouling
compounds produced by Pseudoalteromonas tuni-
cata. Environ Microbiol 4:433–442

Frank KT, Petrie B, Choi JS, Leggete WC (2005)
Trophic cascades in a formerly cod-dominated eco-
system. Science 308:1621–1623

Fusetani N (2004) Biofouling and antifouling. Nat Prod
Rep 21:94–104

Giri AV, Anandkumar N, Muthukumaran G, Pennathur G
(2004) A novel medium for the enhanced cell growth
and production of prodigiosin from Serratia marces-
cens isolated from soil. BMC Microbiol 4(11):1–10

Greer SP, Iken KB, McClintock JB, Amsler CD (2003)
Individual and coupled effects of echinoderm extracts
and surface hydrophobicity on spore settlement and
germination in the brown alga Hincksia irregularis.
Biofoul 19:315–326

Hellio C, De La Broise D, Dufosse L, Gal Y, Bourgougnon
N (2001) Inhibition of marine bacteria by extracts of
macroalgae: Potential use for environmentally friendly
antifouling paints. Mar Environ Res 52(3):231–247

IMO (2007) Revision of MARPOL annex VI and the
NOx technical code. Input from the four subgroups
and individual experts. IMO sub-committee on bulk
liquids and gases (BLG). BLG 12/INF.10

Kang YH, Kim JD, Kim BH, Kong DS, Han MS (2005)
Isolation and characterization of a bio-agent antago-
nistic to the diatom Stephanodiscus hantzschii. J Appl
Microbiol 98(5):1030–1038

Kubanek J, Whalen KE, Engel S, Kelly SR, Henkel TP,
Fenical W, Pawlik JR (2002) Multiple defensive roles
for triterpene glycosides from two Caribbean
sponges. Oecologia 31:125–136

Lau SCK, Thiyagarajan V, Qian PY (2003) The bioac-
tivity of bacterial isolates in Hong Kong waters for
the inhibition of barnacle (Balanus amphitrite Dar-
win) settlement. J Exp Mar Biol Ecol 282:43–60

Long Richard A, Asfia Q, Faulkner D, Farooq JA (2003)
2-n-pentyl-4-quinolinol produced by a marine

Alteromonas sp. and its potential ecological and
biogeochemical roles. Appl Environ Microbiol
69:568–576

Maki JS, Rittschof D, Costlow JD, Mitchell R (1998)
Inhibition of attachment of larval barnacles, Balanus
amphitrite, by bacterial surface films. Marine Biol
97(2):199–206

Maldonado M (2007) Intergenerational transmission of
symbiotic bacteria in oviparous and viviparous demo
sponges, with emphasis on intr cytoplasmically-
compartmented bacterial types. J Mar Biol Assoc
UK 87:1701–1713

Marechal JP, Culioli G, Hellio C, Thomas-Guyon H,
Callow ME, Clare AS, Ortalo-Magne A (2004)
Seasonal variation in antifouling activity of crude
extracts of the brown alga Bifurcaria bifurcate (Cy-
stoseiraceae) against cyprids of Balanus amphitrite and
the marine bacteria Cobetia marina and Pseudoaltero-
monas haloplanktis. J Exp Mar Biol Ecol 313:47–62

Mekhael R, Yousif SY (2009) The role of red pigment
produced by Serratia marcescens as antibacterial and
plasmid curing agent. J Duhok Univ 12(1):268–274

Meyer BN, Ferrigni NR, Putnam JE, Jacobsen LB,
Nichols DE, McLaughlin JL (1982) Brine shrimp: a
convenient general bioassay for active plant constit-
uents. Planta Med 45:31–34

Montaner B, Perez-Tomas R (2003) The prodigiosins: a
new family of anticancer drugs. Curr Can Drug Targ
3(1):57–65

Nakashima T, Kurachi M, Kato Y, Yamaguchi K, Oda T
(2005) Characterization of bacterium isolated from
the sediment Coast area of Omura Bay in Japan and
several biological activities of pigment produced by
this isolated. Microbiol Immunol 49:407–415

Oclarit JM, Ohta S, Kamimura K, Yamaoka Y, Ikegami S
(1994) Production of an antibacterial agent, O-
aminophenol, by a bacterium isolated from a marine
sponge Adocia sp. 3rd international marine biotech-
nology conference. IMBC, Programme, Abstracts and
List of Participants. Tromsoe, Norway, p 98

Paul VJ, Puglisi MP (2004) Chemical mediation of
interactions among marine organisms. Nat Prod Rep
21:189–209

Paul VJ, Puglisi MP, Ritson-Williams R (2006) Marine
chemical ecology. Nat Prod Rep 23:153–180

Qian PY, Xu Y, Fusetani N (2010) Natural products as
antifouling compounds: recent progress and future
perspectives. Biofoul 26(2):223–234

Railkin AI (2003) Marine biofouling: colonization pro-
cesses and defenses. Boca Raton. CRC Press, Florida,
p 320

Rappe MS, Giovannoni SJ (2003) The uncultured
microbial majority. Ann Rev Microbiol 57:369–394

Rasmussen K, Ostgaard K (2003) Adhesion of the marine
bacterium Pseudomonas sp. NCIMB 2021 to different
hydrogel surfaces. Wat Res 37:519–524

Ren D, Sims JJ, Wood TK (2001) Inhibition of biofilm
formation and swarming of Escherichia coli by (5Z)-
4-bromo-5-(bromomethylene)-3-butyl-2 (5H)- fura-
none. Environ Microbiol 3:731–736

20 K. A. Priya et al.



Rittschof D, Branscomb ES, Costlow JD (1984) Settle-
ment and behavior in relation to flow and surface in
larval barnacles, Balanus amphitrite Darwin. J Exp
Mar Biol Ecol 82:131–146

Samrot AV, Chandana K, Senthilkumar P, Narendra
Kumar G (2011) Optimization of prodigiosin produc-
tion by Serratia marcescens SU-10 and evaluation of
its bioactivity. Int Res J Biotechnol 2(5):128–133

Thomas KV, Brooks S (2010) The environmental fate and
effects of antifouling paint biocides. Biofoul 26:73–88

Whitman WB, Coleman DC, Wiebe WJ (1998) Prokary-
otes: the unseen majority. Proc Natl Acad Sci USA
95:6578–6583

Wieczorek SK, Todd CD (1998) Biofilm cues and larval
settlement. Biofoul 12:81–118

Wilsanand V, Wagh AB, Bapuji M (1999) Antifouling
activities of marine sedentary invertebrates on some
macrofoulers. Ind J Mar Sci 28:280–284

Antifouling Activity of Prodigiosin Extracted 21



http://www.springer.com/978-81-322-1086-3


	2 Antifouling Activity of Prodigiosin from Estuarine Isolate of Serratia marcescens CMST 07
	Abstract
	Introduction
	Materials and Methods
	Bacterial Strains
	Production, Extraction, and Characterization of ProdigiosinProdigiosin
	Antibacterial Assay
	Determination of Minimum Inhibitory Concentration and Minimum BactericidalBactericidal Concentration

	Antifouling Assay
	Biofilm Inhibition Assay
	Artemia Bioassay
	Cyanobacteria Adhesion Assay
	Barnacle Settling Assay
	Statistical Analysis

	Results
	Antibacterial Activity of ProdigiosinProdigiosin
	Antifouling Against Fouling Bacteria
	Artemia Survival Study
	Anti-algal Assays
	Barnacle Settling Assay

	Discussion
	References


